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The rates of photosynthesis and transpiration of Berchemia 
zeyheri (Sond.) Grubov were studied on a daily and seasonal 
basis. Variations in photosynthetic photon flux density 
(PPFD) and wind speed had the greatest influence on the 
daily course of the photosynthetic rate, transpiration rate 
and diffusion resistance. The rate of photosynthesis usually 
varied between 3 and 13 mg C02 dm - 2 h - 1 and the 
maximum rate occurred at approximately 10h00. This 
coincided with the maximum transpjration rate which was 
usually between 09h00 and 13h00. Seasonal variations in 
the rates of photosynthesis and transpiration are related to 
PPFD as well as soil moisture availability and relatively high 
air and leaf temperatures (> 28°C). Transpiration is 
enhanced by high leaf temperatures but high air 
temperatures lead to a decline in photosynthetic activity. 
S. Afr. J. Bot. 1986, 52: 294-300 
Die fotosintese- en transpirasietempo van Berchemia zeyheri 
(Sond.) Grubov is op 'n daaglikse en seisoenale basis 
ondersoek. Die fotosintetiese foton-vloeddigtheid (FFV) en 
windspoed oefen die grootste invloed op die daaglikse 
verloop van die fotosintesetempo, transpirasietempo en 
diffusieweerstand uit. Die fotosintesetempo varieer meesal 
tussen 3 en 13 mg C02 dm - 2 h- 1 en die maksimum tempo 
word teen ongeveer 10h00 aangetref. Dit stem ooreen met 
die maksimum transpirasietempo wat gewoonlik tussen 
09h00 en 13h00 voorkom. Seisoenale variasies in die 
fotosintese- en transpirasietempo toon 'n verband met FFV 
sowel as die beskikbaarheid van grondvog en relatief hoe 
lug- en blaartemperature (> 28°C). Transpirasie word onder 
andere deur hoe blaartemperature bevoordeel terwyl hoe 
lugtemperature 'n verlaging in die fotosintesetempo 
veroorsaak. 
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Introduction 
Plant ecophysiology is fundamentally concerned with the 
physiology of plants as they are affected by fluctuating 
environmental influences (Larcher 1980). 
In full grown trees the rate of photosynthesis varies spatially 
since the micro-environment in which photosynthesis occurs 
is not uniform all over the tree. Attenuation of light and 
variations in temperature, air humidity, wind and C02 con-
centration can be expected. Within the crown of a tree, factors 
such as leaf morphology or adaptations of leaves to sun and 
shade conditions play a role in varying the rate of photo-
synthesis (Aubuchon et al. 1978). 
Transpiration is basically a physical process of evaporation 
that is controlled by physical factors. It is also a physiological 
process influenced by leaf structure and the behaviour of 
stomata (Kramer & Kozlowski 1979). 
The stomata are the most important regulators of diffusion 
in transpiration and photosynthesis, and stomatal resistance 
is mostly determined by pore width (Larcher 1980). Stomata 
react to variations in turgor which are regulated primarily by 
variations in light intensity, water potential of the leaf, C02 
concentration, temperature and air humidity (Sutcliffe 1979; 
Barbour eta/. 1980; Larcher 1980). According to Kramer & 
Kozlowski (1979) variations in the size of stomata, their 
frequency and control of stomatal opening might cause 
differences in stomatal diffusion resistance and photosynthetic 
rate. Immature and senescing leaves often have a lower rate 
of photosynthesis than mature leaves (Sestak et a/. 1971; De 
Puit & Caldwell 1975; Larcher 1980). 
The relationships of plant physiological processes to pheno-
logical events seem obvious but the physiological basis for 
many phenological events have not yet been discovered (Flint 
1974). 
According to Mooney et a/. (1980) virtually any new 
information on the photosynthetic characteristics of tropical 
plants would be of value. In particular, information is needed 
on seasonality, the environmental triggers for reproduction 
and the relation of resource levels to the seasonality of 
flowering, leaf ageing and dormancy. 
The aim of this study was to investigate the rates of 
photosynthesis and transpiration as well as leaf diffusion 
resistance and leaf temperature of Berchemia zeyheri (Sand.) 
Grubov on a daily and seasonal basis in the field. An attempt 
was also made to establish the relationship between these 
factors and certain abiotic variables. This study was simul-
taneously done on the evergreen Olea europaea L. subsp. 
africana (Mill.) P.S. Green, the results of which will be 
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reported on in the following paper. These two species were 
chosen to represent a deciduous and evergreen species within 
the vegetation of the Roodeplaat Dam Nature Reserve. The 
leaves of these two species are also big enough to use in the 
cuvettes of the porometer and 14C02-apparatus. Other 
information regarding the vegetation of the Roodeplaat 
Dam Nature Reserve can be found in Van Rooyen (1983a, 
1983b) and Van Rooyen et a/. (1986a, 1986b). 
Materials and Methods 
For the determination of the rate of gross photosynthesis a 
modification of the 14C02-apparatus described by Shimshi 
(1969) and McWilliam eta/. (1973) was used (Van Rooyen 
1984). The modifications mainly consisted of the use of a flow 
meter and the exclusion of the low pressure cylinder. 
A high pressure 2,35 dm3 steel cylinder was used with an 
air mixture containing 14C02 at 8 000 kPa and a C02 con-
centration of 346 mg dm - 3• A 100 mm3 cuvette was clamped 
on a leaf which had been exposed to direct sun and the adaxial 
and abaxial sides were then exposed to the 14C02-containing 
air mixture for 20 s at an air flow rate of 80 cm3 min - 1. The 
cuvette with leaf was held perpendicular to the sun to allow 
for constancy in the measuring technique. 
The circular exposed area of the leaf (10 mm diameter) was 
then punched out and immediately fixed in 960Jo ethanol. 
Thereafter the 14C02 was extracted by means of a chromic 
acid solution and the radio-activity determined by means of 
a Packard Tri-Carb liquid scintillation counter. The specific 
activity of the 14C02 was also determined with the Packard 
Tri-Carb liquid scintillation counter and all the data corrected 
for quenching. The count yield varied between 40% and 50%. 
The rate of photosynthesis was calculated using the formula 
of McWilliam et a/. (1973). 
A LI-1600 steady state porometer (LI-COR, Box 4425, 
Lincoln, Nebraska 68504, U.S.A.) was used to determine the 
abaxial transpiration rate, leaf diffusion resistance and leaf 
temperature (Tenhunen et a/. 1980; Bates & Hall 1981). 
Great care was taken to use the porometer correctly according 
to the manufacturer's instructions. 
During the 1980/81 growth season the rates of photo-
synthesis and transpiration were measured at more or less 
monthly intervals at 11h00 on clear sunny days. During the 
1981182 growth season it was measured once a month on 
approximately an hourly basis from 06h00 to 18h00 on clear 
sunny days. Five leaves on the northern side of the tree were 
used to determine the photosynthetic rate and another five 
leaves for the abaxial transpiration rate. 
In order to determine the relationship between environ-
mental and plant variables, the daily course (from 06h00 to 
18h00) of the photosynthetic rate, transpiration rate, diffusion 
resistance and leaf temperature was compared to air tempera-
ture, soil temperatures, relative humidity, photosynthetic 
photon flux density, wind speed and rainfall on different dates 
over the 1981182 growth season. 
The data were subjected to (a) a stepwise multivariate 
regression analysis (MRA) (Graybill1976) and (b) all variables 
were plotted in pairs against each other. Fitted curves for 
the different graphs and the significance of each fit were 
determined. 
Results and Discussion 
Photosynthesis 
The highest photosynthetic rate at 11h00 for the 1980/81 
growth season for Berchemia zeyheri occurred during February 
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1981 when 16,24 mg C02 dm- 2 h-I was measured. During 
the 1981182 season 22,67 mg C02 dm- 2 h - I was the highest 
recorded rate. It was measured at 08h00 during March 1982 
(Figure 1g). The photosynthetic rate usually varied between 
3 and 13 mg C02 dm- 2 h- 1. 
Cresswell eta/. (1982) reported a maximum gross photo-
synthetic rate of 22,54 mg C02 dm - 2 h- 1 for Burkea afri-
cana, 14,98 mg C02 dm - 2 h-I for Grewiajlavescens, 11,45 
mg C02 dm - 2 h-I for Terminalia sericea and 7,13 mg C02 
dm- 2 h- 1 for Ochna pu/chra. All the above-mentioned values 
fall within the limits of c. 5 to 26 mg C02 dm- 2 h- 1 found 
by Larcher (1969, 1980), Ferrar (1980) and Medina (1982) for 
tree species. 
The mean photosynthetic rate of Berchemia zeyheri during 
the period April to September (colder dry months) was on 
average 34,4% of the mean rate measured during the period 
October to March (warmer wet months). 
During the spring and early summer of 1981 it was a 
problem to find leaves large enough for the cuvette of the 
14C02-apparatus. However, it is likely that a lower net photo-
synthetic rate occurs in very young leaves than in mature leaves 
as a result of lower chlorophyll concentrations (Kramer & 
Kozlowski 1979; Cresswell et a/. 1982). The rate of photo-
synthesis early in December was measured only at 11h00 
(6, 74 mg C02 dm - 2 h- 1, not indicated in figure 1a) and was 
a good deal lower than the rate measured in January (12,89 
mg C02 dm - 2 h - I) (Figure 1c). The daily cycle in January 
showed a maximum rate of photosynthesis fairly early in the 
morning (15,85 mg C02 dm - 2 h - 1 at 09h00), and it declined 
throughout the rest of the day (Figure 1c). The same pattern 
was followed during February and March (Figures 1e & g). 
During April the photosynthetic rate started to decrease and 
it was very low throughout the day during May (Figures 2a 
& c). Furthermore, the highest rate (6,91 mg C02 dm- 2 h-I) 
occurred early in the morning (06h00), with other peaks at 
lOhOO and 16h00. During June (winter) the photosynthetic 
rate was very low (0,45 to 1,17 mg C02 dm - 2 h - I) and stayed 
virtually constant throughout the day (Figure 2e). A high rate 
of leaf yellowing and leaf fall occurred after June. 
While measuring the daily cycle of the photosynthetic rate, 
the maximum rate for B. zeyheri was mostly found to be at 
lOhOO. According to Kramer & Kozlowski (1979), the maxi-
mum photosynthetic rate is usually between 08h00 and lOhOO. 
Slight midday depressions in the photosynthetic rate usually 
occurred between 11h00 and 12h00 in B. zeyheri. 
After leaf expansion in the spring (September) the photo-
synthetic rate increased to a maximum during late summer 
(February), whereafter a rather rapid decrease in the rate 
occurred until the completion of leaf yellowing and leaf fall 
in June/July (winter) (Figure 3). According to Salisbury & 
Ross (1978) the maximum rate of photosynthesis can some-
times be found before maximum leaf area has been reached. 
The highest photosynthetic rate for individual leaves at llhOO 
was achieved during February, coinciding with the maximum 
leaf area (Figure 3). The reproductive phase in B. zeyheri 
(November to March) was also associated with a period of 
relatively high photosynthetic rates. The decrease in the 
photosynthetic rate in mature leaves during the latter half of 
the growth season can possibly be attributed to an increase 
in diffusion resistance, decrease in the activity of the phos-
phorylation system, protein concentration and RuBP carbo-
xylation activity (Lurie et a/. 1979), a decrease in water 
potential and the result of leaf senescence (Cresswell et a/. 
1982). 
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Figure 1 Daily course of some plant and environmental factors for the months December to March, as exhibited by Berchemia zeyheri. a, c, 
e & g: ,.- photosynthetic rate; e transpiration rate; 0 diffusion resistance; • leaf temperature. b, d, f & h: x photosynthetic photon flux density; 
+ air temperature; 6 wind speed; • relative humidity. 
Transpiration 
The highest transpiration rate at 11h00 for B. zeyheri during 
the 1980/81 growth season was 15,63 f.lg H20 em- 2 s- 1 and 
during the 1981/82 season 31,88 f.lg H20 cm - 2 s- 1, both 
values were measured in February. The mean transpiration 
rate at 11h00 for the warmer wet months October to March 
was 8,93 f.lg H20 em - 2 s - I for 1980/ 81 and 18,89 f.lg H20 
em - 2 s -I for 1981/82. For the colder dry months April to 
September, the values ranged from 2,48 f.lg H20 em - 2 s- 1 
for 1981 to 8,03 f.lg H20 em - 2 s - I for 1982. The values for 
the period April to September expressed as a percentage of 
the values for the period October to March was 27 ,807o for 
1980/ 81 and 42,50Jo for 1981182. 
According to Kramer & Kozlowski ( 1979) the stomatal 
transpiration rate for woody plants varies from 2,33 to 4,22 
f.lg H20 em - 2 s- 1, which is much lower than the above values 
for B. zeyheri. The lowest and highest values for the diffusion 
resistance measured at llhOO during the period 1980/81 were 
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I ,38 sem-I for February 1981 and 13,85 s em- 1 for August 
1980. For the period 1981/82 the lowest and highest values 
recorded at 11h00 were 0,59 s em- 1 for February 1982 and 
6,12 s em- 1 for June 1982. Stomatal diffusion resistance for 
trees or other broadleaf species in general varies from 1 - 7 s 
em -I with open stomata, up to 50 - 150 sem-I with closed 
stomata (Kramer & Kozlowski 1979). 
The minimum stomatal diffusion resistance recorded for 
four woody species under high irradiation at Nylsvley, was 
0,9 s em- 1 (Ferrar 1978). Stomatal closure occurred in 
reaction to decreasing relative humidity (Ferrar 1980). 
In general the highest transpiration rates in B. zeyheri 
occurred at 09h00, 11h00 or 13h00 and no clear midday 
depression was observed. The transpiration rate also appeared 
to peak earlier in the day the less soil moisture was available. 
The highest transpiration rate early in December 1981 was 
13,24 J!g H20 em- 2 s - 1 at 09h00 compared to 34,57 J!g H20 
em- 2 s- 1 at 13h00 in February 1982 (Figures 1 & 2). Trans-
piration decreased sharply during May and was very low 
during June with a maximum of 3,66 J!g H20 em- 2 s - 1 at 
11h00 (Figure 2). 
Peaks in the seasonal course of the transpiration rate at 
11h00 was measured for B. zeyheri in February and May 
(Figure 3). 
Multivariate regression analysis 
The results of the regression analysis are given in Table 1. 
To interpret Table 1 the influence of the abiotic variables on 
the photosynthetic rate of B. zeyheri is discussed. Where the 
abiotic variables were used independently for the regression 
model for the photosynthetic rate, the variation in the photo-
synthetic photon flux density (PPFD) and wind speed con-
tributed approximately 320Jo (P = 0,0003) and 13% (P = 
0,0506) respectively to the variation in the photosynthetic rate. 
The PPFD therefore had a significant influence on the photo-
synthetic rate while wind speed played a lesser role. 
When two abiotic variables were used jointly for a regres-
sion model of the photosynthetic rate, the variation in PPFD 
plus soil temperature (at 300 mm depth in grassland), and 
thereafter PPFD plus air temperature, both contributed 
approximately 36% (P = 0,0005 and 0,0006 respectively) to 
the variation in the photosynthetic rate. In both cases the 
second variable did not play an important role. 
The relatively minor influence that variations in the abiotic 
variables had on plant response can possibly be attributed to 
their interacting role in the field and endogeneous rhythms. 
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Table 1 Regression models for four plant variables of 
Berchemia zeyheri determined by multivariate regres-
sion analysis 
Dependent 
variable Independent variable 
Photosynthetic PPFDd 
rate Wind speed 
Transpiration 
rate 
Diffusion 
resistance 
PPFD + soil tempera-
ture at 300 mm in 
grassland 
PPFD + air 
temperature 
PPFD 
Soil temperature at 
10 mm in bush clump 
PPFD + soil tempera-
ture at 10 mm in bush 
clump 
Soil temperature at 
100 mm + 300 mm 
in bush clump 
PPFD 
Wind speed 
2 
2 
2 
2 
PPFD + wind speed 2 
PPFD + soil tempera-
ture at 100 mm in bush 
clump 
Leaf Relative humidity 
temperature Air temperature 
PPFD + relative 
2 
humidity 2 
Air temperature + soil 
temperature at 300 mm 
in grassland 2 
p< 
= 32 0,0003 
= 13 0,0506 
= 36 0,0005 
= 36 0,0006 
= 41 0,0001 
= 32 0,0002 
=57 0,0001 
=56 0,0001 
= 32 0,0014 
= 22 0,0055 
= 37 0,0002 
= 36 0,0013 
= 49 0,0001 
= 45 0,0001 
= 69 0,0001 
= 67 0,0001 
a I - the climatic variables were used independently 
2 - the climatic variables were used jointly 
bthe percentage variation in the specific plant variable that can be 
attributed to the changes in the specific plant variable 
<indicates the probability that the relation is by chance 
dphotosynthetic photon flux density 
A positive linear correlation was found between the photo-
synthetic rate and PPFD, and also between the transpiration 
rate and PPFD (Figures 4a & b). 
Daily fluctuations in the photosynthetic rate are controlled 
mainly by changes in the light intensity, when sufficient 
moisture is available (Lange et a!. 1970; De Puit & Caldwell 
1975; Pearson 1979). Cresswell et a!. (1982) found that the 
daily course of photosynthetic rate for four woody species 
at Nylsvley, showed a strong correlation with PPFD, a weaker 
correlation with leaf temperature and a negative correlation 
with leaf stomatal resistance. The photosynthetic reaction was, 
however, modified by high vapour pressure deficits, high leaf 
temperature, water stress conditions and leaf senescence. 
Under controlled conditions light saturation occurred at 
approximately 50% of full sunlight. 
From the figures constructed by plotting the different 
environmental and plant variables in pairs against each other 
it was possible to obtain an indication of the threshold levels, 
optimum values and maximum limits of the abiotic factors 
under field conditions with regard to the photosynthetic and 
transpiration rates (Table 2). 
The optimum photosynthetic rate in B. zeyheri occurred 
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Figure 4 Examples of plant variables of Berchemia zeyheri plotted 
against each other or against climatic variables. PPFD: photosynthetic 
photon flux density. 
Table ~ The threshold level, optimum values and 
maximum limits of environmental factors for photo-
synthesis and transpiration in Berchemia zeyheri at the 
Roodeplaat Dam Nature Reserve 
Threshold Optimum Maximum 
level values limit 
Photosynthetic rate 
Air temperature (0 C) 9 19 35 
Relative humidity (%) 20 50 87 
PPFD" (llmol m - 2 s - 1) 100 I 500 - 2 500 > 2 500 
Wind speed (m s - 1) 0 1,8 2,6 
Leaf temperature (0 C} II 23 - 29 36 
Transpiration rate 
Air temperature (0 C) 6 29 35 
Relative humidity (OJo) 18 28 87 
PPFD" (Jlmol m - 2 s - 1) < 100 I 700-2 400 2 500 
Wind speed (m s - 1) 0 2,0 2,6 
Leaf temperature (0 C) 8 34 - 36 36 
•photosynthetic photon flux density 
at an air temperature of 19°C, a relative humidity of 500Jo, 
a PPFD of between 1 500 and 2 500 J.!mol m- 2 s - 1, a wind 
speed of 1 ,8 m s- 1 and a leaf temperature of between 23 oc 
and 29°C (Table 2). The optimum climatic conditions for 
transpiration differed somewhat from that for photosynthesis. 
The air and leaf temperatures are 29°C and 34- 36°C respec-
tively, with a relative humidity of 280Jo (Table 2). 
A slight depression in the photosynthetic rate apparently 
occurred as soon as the PPFD and leaf temperature exceeded 
1 800 J.!mol m- 2 s- 1 and 28°C respectively (Figures 1 & 2). 
A midday depression in the photosynthetic rate can be attri-
buted to a water shortage, a high leaf temperature and high 
diffusion resistance (Pearson 1979). Hinckley eta/. (1979) and 
Tenhunen et a/. (1981) observed a decrease in the photo-
synthetic rate in tree leaves when the air temperature exceeded 
30°C, especially under drought conditions. This could be the 
result of a higher respiration rate, enzyme inactivation, water 
deficiency, stomatal closure and a lower C02 supply (Larcher 
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1969; Kramer & Kozlowski 1979; Sutcliffe 1979). 
The second peak in the photosynthetic rate in the afternoon, 
after a midday depression occurred, is the result of a recovery 
in the leaf water potential levels (AI-Ani eta/. 1972). The early 
evening decrease in the photosynthetic rate can be attributed 
to a decrease in light intensity (Hellmuth 1968; Kramer & 
Kozlowski 1979). 
A curvilinear negative relation exists between transpiration 
rate and diffusion resistance (Figure 4c). During midsummer 
(Figure 1c- f) the transpiration rate did not show a midday 
depression even under relatively high PPFD and leaf tempera-
tures. During April (Figure 2a & b) the leaf and air tempera-
tures were probably too low for midday depressions in the 
photosynthetic and transpiration rates to occur. From May 
onwards, moisture stress and low night temperatures might 
have been the reasons for low rates throughout the day 
(Figure 2c- f). 
A slight positive relation was recorded between the transpi-
ration rate and leaf temperature (Figure 4d). High leaf tempe-
ratures (> 30°C) did not result in high diffusion resistances 
(not higher than 4 s em- 1), although there was a tendency 
for high diffusion resistances (up to 12 sem-I) at low relative 
humidities (approximately 20- 400Jo ). 
The seasonal course of the photosynthetic and transpiration 
rates of B. zeyheri (Figure 3) showed a relation with PPFD. 
A peak in rainfall during January resulted in a peak in 
the photosynthetic and transpiration rates during February. 
The decrease in the photosynthetic rate at the end of the 
growth season is correlated with a decrease in light intensity, 
photoperiod and temperature (Kramer & Kozlowski 1979) or 
is probably the direct result of leaf senescence (Cresswell 
et a/. 1982). 
Conclusions 
In order of importance, the variations in PPFD, wind speed 
and soil temperature had the greatest influence on the daily 
variation in the photosynthetic rate, transpiration rate and 
diffusion resistance of B. zeyheri. The rate of photosynthesis 
usually varied between 3 and 13 mg C02 dm- 2 h - 1 and the 
maximum rate occurred at approximately lOhOO. This co-
incided with the maximum transpiration rate which was 
usually between 09h00 and 13h00. Slight midday depressions 
in the photosynthetic rate occurred between 11h00 and 12h00 
and can possibly be attributed to high leaf and air tempera-
tures (> 28°C), water stress and high diffusion resistance. No 
clear midday depression was observed in the transpiration rate 
of B. zeyheri. High transpiration rates were measured with 
high leaf temperatures, especially when there was a difference 
of approximately 4 oc between the leaf and air temperature. 
Seasonal variations in the rates of photosynthesis and 
transpiration are related to PPFD as well as moisture avail-
ability and relatively high air and leaf temperatures(> 28°C). 
A peak in the rate of photosynthesis and transpiration in 
February was preceded by a peak in rainfall the previous 
month. The rates during winter were only a third of the rates 
in summer and can possibly be attributed to leaf senescence 
and a decrease in light intensity, photoperiod, temperature 
and availability of water. 
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